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Individual assays were performed in a rectangular acrylic box (10 x 5 cm) 165 whose floor was completely covered with a filter paper (see upper panel of all 166 figures). A line was drawn on the paper at the centre of the arena to define two equal 167 square zones (5 x 5 cm). Over the paper of each zone 100 µl of a stimulus solution 168 (i.e. distilled water, 0.3 or 1M NaCl, 0.3 or 1M KCl or 0.1M Caf) were homogeneously 169 7 spread using a micropipette. In this way, according to the experimental series, the 170 following chemical two-choices were generated: H2O/NaCl, H2O/KCl, KCl/NaCl, 171 H2O/Caf or Caf/NaCl. After one minute, an insect was gently located at the centre of 172 the arena and covered with an inverted flask for another 1 minute familiarization with 173 the experimental setup. Then, the flask was gently removed and the experiment 174 started. The position of the freely-walking insect in relation to the position of the 175 added stimuli was continuously recorded during 4 minutes using an infrared-176 sensitive video-camera connected to a digital recorder. Note that the investigator 177 and the recording system (except the camera) were located outside the experimental 178 room to avoid the addition of potential cues that could be detected by the insects. Amiloride is a pyrazine known to block the detection of NaCl in animals by 202 interfering with the functioning of epithelial sodium channels (ENaC) (Kellengerger 203 and Schild, 2002) . We pre-expose insects to amiloride to examine if there is a 204 modulation of the perception of NaCl, KCl or both salts.
206
Insects were individually exposed to amiloride inside a plastic vial (2 cm 207 diam., 3 cm height, see upper panel of Fig. 2 ) whose floor was covered with a filter 208 paper loaded with 100 µl of H2O (control series) or of 1 mM amiloride. One insect 209 was gently placed over the paper inside the vial and left to freely walk during 1 210 minute. During this time, legs, antennae, proboscis and/or other parts of the body 211 could contact the H2O or the amiloride. The insect was then removed, maintained in 212 a different clean flask for 2 minutes and then transferred to the two-choice arena 213 where its chemical preference was tested as explain in section 2.3. Associative learning protocols are widely applied in discriminatory studies, 218 as they can help in determining if an individual can detect as different two stimuli 219 generating the same behavioural output. It is assumed that if after a conditioning 220 protocol involving stimulus "A" there is a specific modulation of the response to "A" 221 and not to "B", the individual can distinguish between "A" and "B". In all cases, the behaviour of each individual during the conditioning time 253 was registered in video as explained before, and the individual PIs were computed.
254
Once the conditioning ended, the insect was removed, put in an individual flask for 255 2 minutes and then transferred to the two-choice arena where its chemical 256 preference (i.e. without vibrations delivered) was tested as explain in section 2.3.
257
Note that for these series, separated PIs are registered for training (triangles in the to the brain and consequently the behavioural response decreases, 2-an 266 habituation, in which peripheral receptors send the electrical report to the brain but 267 this information is processed and the response also decreases. In any case, it is 268 assumed that if after an exposure to stimulus "A" there is a specific modulation of 269 the response to "A" and not to "B", the individual can distinguish peripherally between 270 "A" and "B". As a first attempt to examine if these bugs can detect NaCl and KCl as 320 different compounds, we offered them the possibility to choose between the aversive 321 concentration of both salts (i.e. 1 M). We assumed that the expression of any spatial 322 preference over the arena would indicate a differential perception of both stimuli.
323
However, in this situation insects exhibited no preference for one or the other salt 324 ( Fig. 1B Insects pre-exposed to H2O avoided both salts when faced to H2O ( Fig. 2A aversive for these insects (see Fig. 1A ), the negative reinforcement was applied at We applied a chemical pre-exposure to NaCl or KCl and analysed then if 408 this treatment had or not an effect over the behaviour of R. prolixus confronted to 409 the pre-exposed salt, to the new salt or to both. We assume that the occurrence of 410 a salt-specific effect indicates the existence of a differential detection pathway. Results presented in previous sections show that R. prolixus avoids walking 430 over an aqueous solution of 1 M NaCl (see Fig. 1 ). Here we show that an aqueous 431 solution 0.1 M of the alkaloid Caf is also avoided by R. prolixus (Fig. 6 , H2O/Caf, T 432 = -5.5, p < 0.001). However, when this alkaloid is confronted to 1 M NaCl, the insects 433 evinced no preference, remaining the same time at each side of the arena (Fig. 6,   434 Caf/NaCl, T = -0.6, p > 0.05). )/NaCl, T = -6.6, p < 0.001). However, during subsequent tests insects did not evince 452 any change in their innate behaviour, i.e. they showed no preferences (Fig. 7A, circle 453 Caf/NaCl, T = 1.0, p > 0.05; Fig. 7B , circle Caf/NaCl, T = -1.0, p > 0.05).
455
Even knowing from previous series that our conditioning protocol is effective 456 to generate a spatial memory in these insects, these results do not allow us to 457 determine if R. prolixus is not able to distinguish between NaCl and Caf, or if they 458 can do it but they generalize what they have learnt for one compound to the other.
459
In the next series we deal with this question by applying a chemical pre-exposure to 460 each compound and analysing its specificity. Following the 60 minutes chemical pre-exposure to H2O, NaCl or Caf, the 465 chemical preferences of insects were tested. No effects were evinced after pre-466 exposing to H2O (Fig. 8A, H2O /NaCl, T = -3.8, p < 0.001; H2O/Caf, T = -5.6, p < 467 18 0.001; Caf/NaCl, T = 0.1, p > 0.05) or NaCl (Fig. 8B, H2O of NaCl and Caf when confronted to water, and the lack of preference when the salt 470 and the alkaloid were presented simultaneously were similar to those exhibited by 471 naïve insects (see Figs. 1, 6) . However, when insects were pre-exposed to Caf, the 472 aversive response to Caf evanished (Fig. 8C, H2O When applying operant conditioning protocols, unpaired yoke controls 487 assure that the experience dependent modulation observed during conditioning is 488 an associative process and not a merely effect of one of the stimuli presented alone.
489
In our experiments, yoke insects were submitted to a pseudoconditioning in which 490 the occurrence of the mechanical punishment was delivered independently from the 491 insect's chemical choice. As expected, these insects showed a random distribution 492 during trainings regardless the stimulus added at each side of the arena (Fig. S1A , The lack of preference when the aversive compounds were confronted to water 497 could be generated by the un-associated delivery of the mechanical disturbance, 498 which could be interfering with the innate chemical preferences of these bugs. As in 499 previous sections, it seems that the negative reinforcement is somehow stronger 500 than the chemical preferences.
502
During subsequent tests, the animals evinced a behaviour similar to that 503 expressed by naïve ones, distributing randomly over the arena when two aversive 504 compounds were presented in simultaneous (Fig. S1A, B , circles KCl/NaCl, p > 0.05 505 in 4 cases; Fig. S1C , circles Caf/NaCl, p > 0.05 in 2 cases), and avoiding the aversive 506 stimulus (i.e. NaCl and KCl) when confronted to H2O (Fig. S1B , circles H2O/NaCl, p 507 < 0.05 in 2 cases; H2O/KCl, p < 0.05 in 2 cases).
509
The results of yoke controls confirm that in conditioning groups showed In this work we examined the capacity of R. prolixus to perceive aversive 518 chemical compounds and to distinguish between stimuli of the same or of different 519 gustatory modalities, i.e. salty (NaCl and KCl) and bitter (Caf). Results here 520 presented strongly suggest that R. prolixus is not able to distinguish between the two 521 salts: NaCl and KCl. Conversely, we demonstrate that these insects can distinguish 522 between salts and alkaloids, probably by detecting these compounds of different There are many reports presenting evidence that mammals can distinguish 538 between certain salts (Spector et al., 1996) . In our work we show that R. prolixus is 539 not able to differentiate between NaCl and KCl, but it could discriminate between 540 NaCl and a bitter alkaloid such as the caffeine. These results confirm that, as it 541 happens in most animals, it is quite difficult for R. prolixus to distinguish between 542 different compounds of the same gustatory modality (e.g. salty) and more feasible 543 to distinguish between tastants of different modalities (e.g. salty and bitter). Commercially available repellents for haematophagous insects typically 546 make use of the olfactory sense of these insects to keep them away from our skin.
547
However, the gustatory sense is by far less taken into consideration for the chemical 548 formulation of repellents. We show here the existence of non-toxic contact repellents 549 (as salts and bitter compounds) that could be used simultaneously with olfactory 550 stimuli as to obtain a multimodal aversive product. Odours acting at a longer distance changed from avoidance to indifference or even to preference, according with the 
